Abstract: A pulsewidth tunable 10 GHz flat-top pulse train is generated based on the combined action of active mode locking and nonlinear-polarization-rotation pulse shaping. The SMSR is 65 dB and the timing jitter is 145 fs.
Introduction
Optical demultiplexing of high bit rate pulse train is sensitive to the timing jitter of the pulse train and clock pulses used for demultiplexing. The toleranace to the timing jitter of the pulse train and the clock pulses can be improved by using flat top clock pulses for the demultiplexing. Recently, there are reports on flat top pulse reshaping schemes which use either a superstrctured fiber Bragg grating [1, 2] or a differential long period fiber [3] to filter out some spectral components of a pulse source to obtain square or flat top pulse train. All these methods require a stable pulse source. In this paper, we present direct generation of flat top pulse based on the combined action of active mode locking and nonlinear-polarization-rotation (NPR) pulse shaping. The laser operates at 10 GHz. The pulse width is tunable by changing the polarization state of laser beam. The measured side mode suppression ratio (SMSR) is 65 dB and the timing jitter is 145 fs. Figure 1 shows the experimental setup for flat-top pulse generation based on the combined action of active mode locking and NPR pulse shaping. On the left side of the dotted line in Fig.  1 is a common active mode locking setup, which includes a Mach-Zehnder-type intensity modulator (MOD) biased at -3.4 mV and driven by a 10 GHz and 2 dBm radio-frequency (RF) sinusoidal electrical signal. A polarization controller (PC) PC3 is put in front of the polarization sensitive MOD. A band pass filter (BPF) with a 3-dB bandwidth of 1.5 nm is used to suppress super mode noise of the active mode locked laser. An optical delay line (ODL) is used to vary the length of the ring cavity. The EDFA used here has the maximum output power of 340 mW. In our experiment the output power from EDFA is around 120 mW. On the right side of the dotted line is the NPR mechanism adopted for flat top pulse generation, which includes two PCs (PC1 and PC2), a 2 meter long bismuth oxide based highly nonlinear fiber (Bi-HNLF), which has a nonlinear coefficient of 1000 W/km, and total loss of 9 dB, and an in-line polarizer. Figure 2 shows the transmission curve of NPR at point B of Fig.  1 versus input power at point A. When the active mode locked pulses at 10 GHz go through NPR mechanism, they experience pulse shaping. For the part of the mode lock pulses with instantaneous power exceeding P p , the power for peak transmission, the transmission will be reduced and a flat top will then be formed. For the other part of pulse with instantaneous power less than P p , the transmission is also less than that at power P p , so the lower power part of the pulse will also be suppressed and the pulse will experience narrowing. Finally a flat top pulse will be generated at B point. JTuA91.pdf 978-1-55752-859-9/08/$25.00 ©2008 IEEE Figures 3a, 3b , and 3c show the output flat-top pulse train with FWHM of 12.3, 15.6, and 19.1 ps respectively. The pulsewidth is measured by optical sampling oscilloscope. The rise time and fall time of the flat-top pulses is measured to be100 fs. Figures 3d, 3e , and 3f give the spectra of Fig. 3a, 3b , and 3c respectively. The pulse width is tunable by varying the two PCs which change the transmission function of the NPR mechanism [4] . The ratio between the pulse width at 90% and 10 % of the pulse rise time for Figs. 3a, 3b, and 3c are 48%, 45% and 38% respectively. For comparison, the 90-10 pulse width ratio for an unchirped Guassian pulse, which is a widely used clock pulse source, is only 21%. The ratio can be optimized by changing PC1 and PC2 and choosing a proper bias current and RF driving current of the modulator. From Figs. 3d, 3e , and 3f, the bandwidth of the three different flattop pulses are 0.629, 0.396, 0.209 nm respectively. For the output flat-top pulses, we determine the pulse chirp by comparing the spectral bandwidth of the fourier transform of the intensity profile of the flat-top pulse with that of the measured spectrum. From Fig. 3c and 3f , the calculated transform-limited and the measured time-bandwidth product are 0.2 and 0.499 respectively. The large chirp comes from the large nonlinear effect. Although the pulse generated by the proposed method contains a large chirp, the generated flat-top pulse can still be used for demultiuplexing schemes based on cross-gain-modulation. The impact of the chirp on the applications of the flat-top pulses will be investigated further. Figure 4 shows that the measured SMSR is 65 dB indicating that the supermode noise is very well supressed. The reason for the supermode noise supression is because the NPR mechanism acts as a 'high pass filter', which means the high intensity supermode at point A in Fig. 1 will obtain a high transmission in at point B while the low intensity supermode sets will experience low transmission. As a result, supermode noise is suppressed. Figure 4 (b) shows the measured phase noise curve. The phase noise is measured to be 0.0091, corresponding to a timing jitter of 145 fs. 
Experiment and operation principle

Results and discussion
Conclusion
We directly generate a 10 GHz flat-top pulse based on the combined action of active mode locking and nonlinear-polarization-rotation pulse shaping which can be used for high bit rate demultiplexing. The pulse width is tunable. The mesaured SMSR is 65 dB and the timing jitter is 145 fs.
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